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This article measures the impact of contracting on partial and total factor productivity and the pro-
duction technology of U.S. hog operations. A sample selection model accounts for the fact that
unobservable variables may be correlated with both the operators’ decision to contract and farm pro-
ductivity. Results indicate that the use of production contracts is associated with a substantial increase
in factor productivity, and represents a technological improvement over independent production.
Results also identify determinants of farmers’ decisions to contract and other factors influencing farm
productivity.
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The rapid increase in the use of production
contracts is a notable feature of the structural
change taking place in the US hog industry.
Between 1992 and 1998, the portion of feeder
pig-to-finish hog operations using production
contracts increased from 11% to 34%, while
the share of output produced under con-
tract increased from 22% to 63% (McBride,
McBride and Key). Production contracts of-
fer several potential advantages over indepen-
dent production that could explain their grow-
ing prevalence. Contracts may serve to lower
transaction costs associated with search, nego-
tiation, and transfer; reduce asymmetric infor-
mation between growers and processors about
product quality; improve coordination of prod-
uct delivery; and lower income risk for grow-
ers. In addition, contracting may raise farm
productivity by improving the quality of man-
agerial inputs, by speeding the transfer of tech-
nical information to growers, or by facilitating
growers’ access to credit, thereby permitting
the adoption of newer, more efficient technolo-
gies. In this article, we focus on identifying and
measuring the farm-level productivity gains, if
any, that can be attributed to contracting.

The recent growth in contracting does not
necessarily imply that contracts are associated
with higher farm productivity. The increase in
the use of contracts may have been propelled
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by other benefits from contracting (such as
lower grower income risk) that offset negative
on-farm productivity effects. The use of con-
tracts could potentially lower on-farm produc-
tivity if they reduce incentives for growers to
work efficiently or to invest fully in specific pro-
ductive assets. In addition, because contracts
often take the form of share contracts, they
do not fully reward grower effort, and farmers
for whom high effort yields high return may
choose not to contract.

Understanding the link between contracts
and farm productivity is crucial to an anal-
ysis of the distributive and efficiency impli-
cations of the recent structural changes in
the hog industry, and of policies to regulate
contracting. The rapid growth in contracting
has led to efforts at various levels of govern-
ment to regulate contract production, both in-
directly through corporate farming laws and
zoning, and directly through legislation such
as the “Producer Protection Act” (Boehlje
et al.). These regulations may have signifi-
cant social welfare costs or benefits depending
in part on how contracting impacts hog farm
productivity.

To measure the effect of contracting on
farm productivity we must control for differ-
ences between farmers who choose to con-
tract and those that do not. For example, con-
tractees may be more credit-constrained, more
risk-averse, may value autonomy less, or have
less managerial or entrepreneurial ability—
characteristics that could be correlated with
farm productivity. Unfortunately, many fac-
tors correlated with both contracting and

Amer. J. Agr. Econ. 85(1) (February 2003): 121–133
Copyright 2003 American Agricultural Economics Association



122 February 2003 Amer. J. Agr. Econ.

productivity are unobservable. When this is
the case, simply regressing productivity on ex-
ogenous factors and a contracting indicator
will result in biased parameters. For example,
if “management ability” is unobservable
and positively correlated with contracting
and productivity then the simple regression
overestimates the impact of contracting on
productivity. The problem is one of self-
selection—farmers who choose to contract
would have had relatively high productivity
(because they have good management ability)
whether or not they contracted.

We use a sample selection model to account
for the fact that many of the determinants
of both whether a farmer contracts and farm
productivity are unobservable. In the sample
selection model, two equations are estimated
simultaneously: (a) a probit equation explain-
ing the decision whether or not to contract,
and (b) an equation explaining productivity,
which includes a contracting dummy among
the explanatory variables. The empirical model
corrects for possible sample selection bias by
accounting for the joint distribution of the dis-
turbances. In the full-information maximum
likelihood approach, the likelihood of observ-
ing a particular level of productivity depends
explicitly on the likelihood that the farmer
contracts.

Using the selection model, we use two ap-
proaches to measure differences in farm pro-
ductivity between contract and independent
operations: (a) differences in partial and to-
tal factor productivity, and (b) technological
difference. Both approaches use information
from the 1998 USDA Agricultural Resource
Management Survey of feeder pig-to-finish
hog operations. Empirical results identify the
determinants of hog farmers’ decisions to con-
tract and also identify the factors that influ-
ence productivity. Results also shed light on
the long-run implications of contracting for the
scale of production.

In the next section, we review the litera-
ture examining the reasons why farmers and
processors (or integrators) choose to contract.
This past research provides insights into how
contracting could impact farm productivity,
which informs the empirical approach.

Contracting and Productivity

Under the terms of a typical production con-
tract to finish hogs, the contractor provides
feed, feeder pigs, veterinary care, managerial

assistance, and marketing services.1 Growers
are paid a fee for raising the animals. The fee
may have an incentive structure based on an-
imal weight gain, death loss, or feed produc-
tivity. The feed and other inputs supplied by
the contractor represent over 80% of the total
costs of production (McBride and Key). Be-
cause contractors supply such a large share of
the production costs, contracts drastically re-
duce the amount of production credit needed
by growers. In addition, because a contract re-
duces price risk, a contract may make it easier
for some farmers to obtain financing for set-
ting up or expanding hog production (Boehlje
and Ray). Indeed, Kliebenstein and Lawrence
note that in a survey asking growers why they
entered contractual arrangements, lack of cap-
ital was the second most frequently cited rea-
son (after risk reduction). Contracting could,
therefore, serve to relieve a binding credit con-
straint for some growers freeing them to in-
vest or apply inputs at a more efficient level.
On the other hand, because hog production
involves large investments in specific assets,
contracting may make growers vulnerable to
changes in contract terms. If greater invest-
ment in specific assets reduces the bargaining
power of contractees vis-à-vis the contractor,
contractees may draw back from socially op-
timal levels of investment resulting in lower
productivity (Shelanski and Klein).

Costs associated with measuring hog qual-
ity may result in asymmetric information be-
tween growers and purchasers of hogs that
can affect productivity. If there is asymmet-
ric information about product quality, then
farmers have less incentive to invest in rais-
ing quality because they cannot be fully com-
pensated for this investment by the purchaser
(Hennessy). Production contracts that spec-
ify the genetic characteristics of the hogs re-
duce uncertainty about quality. Hence, these
contracts can reduce measurement costs asso-
ciated with asymmetric information and may
encourage investment in quality (Martinez,
Smith, and Zering).

Asymmetric information about the level
of effort applied by growers may also have

1 The USDA-ARMS survey used in this study distinguishes be-
tween marketing and production contracts: marketing contracts
only govern the terms of sale of the product, while production
contracts also involve the provision of inputs by the contractor. As
defined by the USDA, production contracts (sometimes referred
to as resource providing contracts in the literature) may or may
not bind the grower to a particular production process. In the data
used in this article, all hog contracts are classified as production
contracts.
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implications for productivity. Hog contractors
may seek to reduce moral hazard by using a
share contract (Sheldon). Under a share con-
tract growers receive less reward for their ef-
fort than they would under independent pro-
duction. Consequently, share contracts, while
reducing risk, may also result in lower grower
effort.2 Contractors may also have asymmetric
information about the ability of potential con-
tractees, which could create an adverse selec-
tion problem for the contractor. Rhodes notes
that “in the Cornbelt their (commercial feed
companies and packers) efforts to contract hog
production largely subsided within a few years.
The better producers were seldom interested
in the quasi-employee status that did not pro-
vide access to the profits of the good years of
the hog cycle.” On the other hand, Knoeber
views the growers’ provision of productive as-
sets (e.g., growing facilities) as a signal of agent
ability under asymmetric information. Hence,
the capital requirement may act as a screen-
ing device resulting in the self-selection of con-
tractees with high ability.

Risk sharing is one of the mostly widely cited
reasons for contracting. Hog contracts lower
price risks for growers because contract fees
usually do not depend on input or hog prices
(Johnson and Foster, Martin, Kliebenstein
and Lawrence). While reducing risk, contracts
also reduce farmer autonomy (Gillespie and
Eidman). Preferences for risk or auton-
omy may correlate with factors such as en-
trepreneurial ability and management skills
that affect productivity.

Empirical Model

To measure the impact of participating in a
production contract on farm productivity we
use a treatment effects sample selection model
(Greene, p. 714). The model assumes a joint
normal distribution between the errors of the
selection equation (contract/no contract) and
the treatment equation (the measure of pro-
ductivity). As discussed in the introduction,
this approach accounts for the fact that un-
observable variables may be correlated with
both the operators’ decision to contract and
farm productivity, allowing for an unbiased es-
timate of the impact of contracting on produc-
tivity. The treatment effects approach is used

2 However, incentive schemes that link grower fees to feed or
reproductive efficiency, rate of weight gain, performance relative
to other growers, etc. can significantly mitigate incentive problems
resulting from share contracts (e.g., Knoeber).

here rather than an instrumental variables ap-
proach because there are too few variables
available with which to instrument the con-
tracting dummy variable.

Let the latent variable C∗
i equal the net ben-

efits to a grower from contracting compared to
independent production and marketing:

C∗
i = Zi � + ui(1)

where

Ci = 1 if C∗
i > 0, 0 otherwise

where Zi is a vector of operator, farm, and
regional characteristics. If the latent variable
is positive then the dummy variable indicat-
ing contracting Ci equals one, and equals zero
otherwise. We are interested in measuring the
impact of a production contract on a measure
of farm performance yi :

yi = Xi � + Ci � + εi(2)

where Xi is a vector of operator, farm and re-
gional characteristics.

We cannot simply estimate (2) because the
decision to contract may be determined by un-
observable variables (management ability, re-
gional characteristics, etc.) that may also affect
performance. If this is the case, the error terms
in (1) and (2) will be correlated, leading to bi-
ased estimates of �. To elaborate, suppose the
errors have a joint normal distribution with the
following form:[

u

ε

]
∼ N

([
0
0

]
,

[
1 �

� �2

])
.

It follows that the expected performance of
contractees is given:

E[yi | Ci = 1] = Xi � + �+ E[εi | Ci = 1]

= Xi � + �+ ���i

(3)

where �i = �(	i )
1 − �(	i )

is the inverse Mills ratio and
	i = −Zi � .3 Equation (3) implies that omit-
ting �i in an ordinary least squares regression
of (2) would lead to omitted variable bias in es-
timates of � and �. To derive unbiased parame-
ter estimates we can use a two-stage approach
starting with a probit estimation of (1). In the
second stage, estimates of �i are used to com-
pute the inverse Mills ratio, which is included
as an additional term in an OLS estimation
of (2). This two-stage Heckman procedure is

3 This follows because E[εi | Ci = 1] = E[εi | C∗
i > 0] = E[εi |

ui > − Zi � ], and from the definition of the expectation of a trun-
cated bivariate normal distribution (e.g, Greene, p. 685–87).
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consistent, albeit not efficient. Efficient max-
imum likelihood parameter estimates can be
obtained by maximizing

L(�, �, �, �)

=
∏
Ci =0

∫ 0

−∞

∫ ∞

−∞
f
(
C∗

i , yi ; �, �, �, �
)

dy dC∗

·
∏
Ci =1

∫ ∞

0

∫ ∞

−∞
f
(
C∗

i , yi ; �, �, �, �
)

dy dC∗

where f (C∗
i , yi ; �, �, �, �) is the joint normal

density function, which is a function of the pa-
rameters. In practice, the negative of the log
of the likelihood function is minimized using
the estimates from the Heckman procedure as
starting values.4

Measures of Productivity

Using the treatment effects model, we use two
approaches to measure the impact of contract-
ing on productivity: (a) partial and total fac-
tor productivity, and (b) technical progress. For
the first approach, yi in (2) is a measure of fac-
tor productivity. For the second approach, yi is
hog output and Xi � is a production function.
If contracting is allowed to interact with all the
exogenous variables, (2) becomes

yi = Xi � + Ci Xi � + εi(2′)

where � is now a vector of parameters associ-
ated with the interaction terms.

Using a translog production function, (2′)
takes the form

log qi = �0 +
∑

k

�k log xik

+ 1
2

∑
k

∑
l

�kl log xik log xil

+ �0Ci +
∑

k

�kCi log xik

+ 1
2

∑
k

∑
l

�klCi log xik log xil

+
∑

m

	m zim + εi

where �i j = � j i , xik are the four inputs (feed,
labor, capital, other), zim are exogenous
shifters, and Ci is a dummy variable equal to
one if operation i uses a production contract,

4 See documentation for LIMDEP 7.0 for details about the op-
timization algorithm.

and equal to zero otherwise. Interacting the
contract dummy with all the inputs allows the
impact of contracting to vary nonlinearly with
the scale of production. We use the estimated
production function to test whether growers
can produce more under contract compared
to independent production, holding inputs
constant.

Data

Data used are from two sources: operator and
farm-level data are from the 1998 USDA Agri-
cultural Resource Management Survey of the
hog sector, and county-level characteristics are
from the 1997 US Agricultural Census. Be-
cause of the broad differences in production
techniques among various types of hog opera-
tions, we limit the study to feeder pig-to-finish
hog operations.5 This group of producers has
experienced rapid growth in contracting and
accounted for about a third of total hog farms
and production in 1998.

Table 1 reports the results of tests of equal
means between contract and independent
operations for the variables used in the es-
timations.6 The table highlights several clear
differences between the two groups. On aver-
age, contractees are younger and have much
less experience in the hog business. Con-
tractees are also more likely to have their ma-
jor occupation be something other than farm-
ing or ranch work. Contract operations are
much larger—producing on average over three
times as much pork as independent operations.
Among the five geographical regions in which
the sample is divided, contracting is signifi-
cantly more common than independent pro-
duction only in the East. Independent produc-
tion is more common in all the other regions
except the North, where there is no significant
difference between the modes of production.

County-level measures of income and hog
farm concentration are included as measures
of the availability, and consequently the net
benefits of contracting to growers. Contrac-
tors choose to locate and expand produc-
tion in regions where they can operate most
profitably—where the opportunity costs to hog

5 Feeder pig-to-finish operations are defined as those on which
feeder pigs (30–80 pounds) are purchased/placed, finished, and
later sold/removed for slaughter at a weight of approximately 200–
260 pounds.

6 In computing the difference of means, parameters, and signifi-
cance tests in all the regressions in the article, the survey data were
weighted to account for sample design.



Key and McBride Production Contracts and Productivity in Hogs 125

Table 1. Tests of Equality of Means for Independent and Contract Operations

Mean Mean
Independent Contract

Variables Operations Operations t-statistic Prob. > |t|
Operator Characteristics
Age (years) 50.6 47.0 3.78 0.000
Education (years) 13.0 12.9 0.06 0.953
Major occupation is off-farma 0.14 0.23 −2.41 0.016
Years in hog business 24.1 14.8 9.03 0.000
Farm Characteristics
Total farm assets ($100,000)b 7.62 8.70 −1.25 0.211
Scale Class 1: Hog production (cwt.) < 1000a 0.408 0.065 9.68 0.000
Scale Class 2: 1000 ≤ Hog production (cwt.) < 2000a 0.224 0.098 3.79 0.000
Scale Class 3: 2000 ≤ Hog production (cwt.) < 5000a 0.196 0.221 −0.67 0.505
Scale Class 4: 5000 ≤ Hog production (cwt.) < 10000a 0.130 0.254 −3.47 0.001
Scale Class 5: 10 000 ≤ Hog production (cwt.)a 0.041 0.361 −9.40 0.000
Regional Characteristics
Northern state (MI, MN, SD, WI)a 0.194 0.232 −1.02 0.306
Eastern state (NC, SC, VA)a 0.014 0.205 −6.94 0.000
Southern state (AL, AR, GA, MO, KY, TN)a 0.085 0.032 2.50 0.013
Western state (CO, KS, OK, UT, NE)a 0.159 0.067 3.20 0.001
Central Midwestern state (IL, IN, IA, OH)a 0.548 0.463 3.17 0.064
County average net cash return per farm ($1000) 34.86 46.54 −4.64 0.000
County average swine sales per farm ($1000) 23.63 70.73 −6.8 0.000
Output and Inputsc

Hog production (cwt.) 2678 10672 −9.67 0.000
Feed (cwt.) 9874 26163 −7.84 0.000
Labor (hours) 1226 1608 −3.40 0.001
Capital ($) 16791 56837 −9.14 0.000
Other Inputs ($) 7928 24473 −6.29 0.000

Productivityd

Feed productivity (cwt. hog/cwt. feed) × 10−1 2.69 4.34 −11.13 0.000
Labor productivity (cwt. hog/labor hour) 1.96 6.54 −13.50 0.000
Capital productivity (cwt. hog/$) × 10−2 14.59 18.23 −5.24 0.000
Other inputs productivity (cwt. hog/$) × 10−2 50.01 65.84 −4.16 0.000
Total factor productivity (cwt. hog/$) × 10−2 2.21 3.36 −12.52 0.000
Number of observations 233 244

Notes: All data are from the 1998 USDA-ERS ARMS except county-level variables, which are from the 1997 US Agricultural Census. Means are weighted to
account for survey design. Prob. > |t | is the two-tailed significance probability under the null hypothesis of equal means.
aDummy variable equal to 1 if statement is true or located in region, 0 otherwise.
bTotal farm assets include both hog and nonhog components of the operation.
cHog production is measured as hundredweight of hogs sold or removed under contract less hundredweight of hogs purchased or placed under contract plus
hundredweight of inventory change. Labor includes own and hired labor; Capital is the capital replacement value; Other inputs include veterinary, bedding,
marketing, custom work, energy, repair.
dFactor productivity is hog production (see note c) per unit of input. Total factor productivity is the inverse unit cost.

farming are low, or where there is a high den-
sity of hog producers, which lowers transac-
tion costs. While most hog farmers may have
some opportunity to contract, the net benefits
of contracting will be higher where the avail-
ability of contracting is greater. As shown in
the table, contract operations are more likely
to be located in counties with a high net cash
returns per farm, and in counties with a greater
volume of hog production. We did not expect
counties with higher net returns to farming to
be correlated with contracting, and as we find

in our regressions discussed in the next sec-
tion, once we control for operator, farm, and
other regional characteristics, the positive rela-
tionship between county average farm revenue
and contracting actually becomes negative.

Inputs definitions and mean values for con-
tract and noncontract operations are pre-
sented in table 1. Since contractors provide
some of the inputs used in the production
of hogs, care was taken to account for in-
puts supplied by both the contractee and the
contractor. Fortunately, the survey explicitly
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asked respondents for both the contractors’
and contractees’ contribution for all the com-
ponents in the “other inputs” category, in-
cluding medicine and marketing. On the other
hand, for some capital items it was not possible
to determine the contractor’s contribution. For
this reason, we excluded feed grinders and mix-
ers, feed wagons, feed trucks, and stock trailers
from the capital variable—as these items are
associated with services often provided by a
contractor. The labor variable included all paid
and unpaid labor used on the hog operation.
For paid labor, the survey asks for the contribu-
tions from the operator and partners, landlord,
and contractor—so we are able to compute the
total quantity. However, for unpaid labor we
only know the contribution from the grower.
Consequently, if the contractor provides
unpaid labor towards production activities per-
formed by an independent operation (such as
feed milling or hauling pigs) this would not be
included in the labor variable, and labor pro-
ductivity would appear higher for contract op-
erations. However, because labor represents
such a small share of the total cost (about 8%)
it is unlikely that this would significantly alter
the results of the total factor productivity or
production function estimates.

The comparison of means presented in ta-
ble 1 indicates that contract producers are on
average much more productive than indepen-
dent producers: they produce much more per
unit of feed, labor, and capital, and have higher
total factor productivity. The relationship be-
tween contracting and productivity holds even
if we control for operator, farm, and regional
characteristics. Table 2 reports the results of
linear regressions of the five measures of pro-
ductivity on contracting and exogenous char-
acteristics. As shown in the table, contracting
is significantly positively correlated with factor
productivity. As mentioned above, unobserv-
able factors may be correlated with the deci-
sion to contract, so the least squares estimates
of the impact of contracting on factor produc-
tivity may be biased. Correcting for this selec-
tion bias is the concern of the next section.

Results

The Contract Decision

Table 3 lists the results of the first stage pro-
bit explaining the decision to contract versus
produce independently. The results of the pro-
bit are used to compute the inverse Mills ra-

tio used in the two-stage procedure. Estimates
from the two-stage procedure are used as start-
ing values in the likelihood estimation. The
model is significant and correctly predicts 83%
of operators’ choices. Most variables had signs
consistent with the differences in means dis-
cussed in the last section. Estimation results
indicate that for an average operation, an in-
crease in education or years of experience in
the hog business lowers the probability that
the farmer will contract, while having a pri-
mary occupation off-farm, raises the likelihood
of contracting. It is possible that more experi-
enced, better educated, full-time farmers are
less likely to accept a contract because these
farmers could earn relatively more producing
independently than could less educated, less
experienced, part-time farmers.

An operation being located in an Eastern
state positively increases the likelihood of con-
tracting, so did being located in a Northern
state or not being located in a Southern state
(all relative to the omitted region: Central
Midwestern). As expected, being located in
a county with more hog production increases
the likelihood of contracting—likely because
this lowered transactions costs for the contrac-
tor.7 Also as expected, being in a county with a
higher average net return to farming lowers the
probability that a farmer contracts—a higher
income means a higher reservation wage for
the contractor.

As shown in table 3, the scale of production
has a strong positive correlation with the likeli-
hood of contracting. Controlling for individual,
regional, and farm-level characteristics, being
in a farm-scale category other than the small-
est increases the likelihood of contracting, and
the increase in the size of the coefficients
with the increase in size group indicates that
the probability of contracting increases with
scale.

Factor Productivity

In order to estimate the impact of contract-
ing on partial and total factor productivity, we

7 Higher hog production per farm at the county level implies
a greater concentration of hog production units and/or larger-
scale production units. A denser concentration of producers im-
plies lower transportation costs associated with input delivery and
product pick-up. Larger production units imply lower fixed costs
associated with transportation, screening and search for potential
contractees, negotiation of contracts, and monitoring behavior for
breech of contract.
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Table 3. Binomial Probit Maximum Likelihood Estimates: Contract Decision

Variable Coefficient Standard Error t-ratio P-value

Constant 0.975 0.775 1.259 0.208
Age (years) 0.003 0.009 0.304 0.761
Education (years) −0.163 0.050 −3.258 0.001
Major occupation is off-farm 0.631 0.217 2.911 0.004
Years in hog business −0.024 0.008 −2.870 0.004
Total farm assets ($100,000) −0.006 0.009 −0.614 0.539
Scale Class 2 (1000 ≤ cwt. < 2000) 1.040 0.261 3.978 0.000
Scale Class 3 (2000 ≤ cwt. < 5000) 1.507 0.267 5.651 0.000
Scale Class 4 (5000 ≤ cwt. < 10000) 1.729 0.259 6.665 0.000
Scale Class 5 (10000 ≤ cwt.) 2.635 0.325 8.116 0.000
Southern state (AL, AR, GA, MO, KY, TN) −0.843 0.373 −2.258 0.024
Western state (CO, KS, OK, UT, NE) −0.309 0.267 −1.159 0.246
Northern state (MI, MN, SD, WI) 0.297 0.185 1.606 0.108
Eastern state (NC, SC, VA) 0.774 0.430 1.801 0.072
Co. average net return per farm ($1000) −0.015 0.006 −2.544 0.011
Co. average swine sales per farm ($1000) 0.006 0.003 2.150 0.032
Log likelihood −195.288
McFadden R2 0.409

Notes: Dependent variable: uses a production contract (1,0); number of observations: 477; chi-squared: 270.433, degrees of freedom: 15, significance level:
0.000. The model correctly predicts the contract decision for 202 of the 234 independent producers, and for 196 of the 244 contract producers.

assume factor productivity can be approxi-
mated with a linear function of the explanatory
variables.8 There is no theoretical reason to ex-
pect either county hog production or county
average farm income to affect on-farm pro-
ductivity, so these are omitted from the esti-
mation. The maximum likelihood estimates of
the sample selection model are presented in
table 4. The estimated coefficients in the top
half of the table correspond to the selection
equation, and are consistent with the results
of the probit model discussed in the previous
subsection.

The coefficients in the bottom half of
table 4 correspond to the factor productivity
equations. In terms of operator characteris-
tics, age appears to lower labor and total fac-
tor productivity, perhaps because some older
farmers may be semi-retired, or because older
farmers are more likely to use aging capi-
tal equipment which they do not plan to re-
place due to their impending retirement. Ed-
ucation reduces the probability that a farmer
will contract, and has a significant positive cor-
relation with capital productivity. Surprisingly,
education also has a significant negative cor-
relation with feed and total factor productiv-

8 As discussed later in the section, alternative models are esti-
mated to assess the robustness of the results to different model
specifications.

ity. An alternative model specification that in-
cludes quadratic terms sheds some light on this
result.9 When this model is estimated, the edu-
cation coefficient is positive and significant and
the education-squared coefficient is negative
and significant in both the feed and total fac-
tor productivity equations. Hence, the net im-
pact of education appears to be positive at low
levels of education and negative at high lev-
els. A further analysis of the data reveals that
the highest educated producers (with sixteen
years of education or more) have smaller-scale
operations, are more likely to work off-farm,
and have greater wealth than do average pro-
ducers. This relatively affluent, well-educated
group may be more likely to view farming as
a “hobby” or secondary activity, with resultant
lower factor productivity.

Having off-farm work as a primary occu-
pation increases the likelihood of contracting
and has a positive effect on feed productivity.
It is possible that having an off-farm primary
occupation implies that the farmer is more
likely to purchase feed rather than produce

9 Model 2 uses a quadratic functional form that includes educa-
tion and education squared in the productivity equations—it is dis-
cussed in more detail later in this section. Results of model 2 for the
education and educationˆ 2 variables in the feed and TFP equations
are as follows: education = 1.192, P-value = 0.043; educationˆ 2 =
−0.050, P-value = 0.016 for feed productivity; education = 0.712,
P-value = 0.009; educationˆ 2= −0.028, P-value = 0.005 for total
factor productivity.
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it on-farm. Purchased feed may have superior
quality compared to “own-produced” feed re-
sulting in higher feed productivity (contract
operations are also less likely to use “own-
produced” feed which may partly explain why
contracting is associated with higher feed pro-
ductivity). Finally, the number of years in the
hog business has two confounding effects on
total factor productivity: an extra year in busi-
ness increases total factor productivity directly,
however an extra year in business also re-
duces the likelihood of contracting, which de-
creases total factor productivity indirectly. The
net marginal impact of an extra year in the
business on total factor productivity is com-
puted to be only 0.00921.

In terms of farm and regional character-
istics, more farm assets are associated with
higher labor productivity. This may result
because larger farms have more financial liq-
uidity, which allows an optimal application of
purchased inputs—raising labor productivity.
Most of the indicators of scale of production
are significant determinants of productivity,
except in the case of “other inputs.” In ad-
dition, the value of the coefficients increases
with the scale implying a positive relationship
between scale and factor productivity. Surpris-
ingly, in terms of a regional effect (controlling

Table 5. Impact of Contracting on Factor Productivity under Various Model Specifications

Coefficient/ Percentage
Factor Coefficient Standard Error P-value Log L Increase

Model 1: All scale classes, linear functional form
Feed 1.328 4.786 0.000 −1047.41 35.53
Labor 2.308 6.985 0.000 −1274.35 44.44
Capital 3.054 2.331 0.020 −1909.10 16.23
Other inputs 26.402 4.119 0.000 −2620.21 52.38
TFP 0.661 6.352 0.000 −737.17 22.81
Model 2: All scale classes, quadratic functional form
Feed 1.478 5.153 0.000 −1016.88 39.56
Labor 2.772 8.046 0.000 −1213.58 53.35
Capital 3.426 2.495 0.013 −1836.68 18.20
Other inputs 29.882 4.195 0.000 −2591.65 59.28
TFP 0.833 6.845 0.000 −730.25 28.77
Model 3: Three middle scale classes, linear functional form
Feed 1.604 3.716 0.000 −459.19 45.35
Labor 1.956 5.092 0.000 −533.24 54.95
Capital 2.362 1.375 0.169 −818.33 14.28
Other inputs 24.976 2.607 0.009 −1167.87 48.01
TFP 0.605 3.347 0.001 −329.58 20.89

Notes: The “Coefficient” refers to the estimated parameter for the “Contract” dummy variable in equation (2); “Percentage Increase” is the estimated
percentage increase in factor productivity attributed to contracting, for an average operation. Model 1: All scale classes, using scale class dummy variables and
linear functional form for selection equation (same model as presented in table 4). Model 2: All scale classes with scale and scale-squared rather than scale
class dummies in selection equation, plus additional quadratic terms in selection equation. Model 3: same as Model 1, except restricted to scale class 2–4. See
text for details about models.

for all the other factors) being located in a
Southern state is correlated with the largest
increase in productivity (compared to the
Central-Midwest) for every measure of factor
productivity except labor. This does not imply
that the South has the highest productivity
(it does not) rather it suggests that there are
unobservable regional factors (e.g., climate,
regional technological differences, unob-
served factor quality, or price differences)
that are correlated with partial or total factor
productivity.

Contracting is significant in all factor pro-
ductivity equations. Note that the estimated
correlation between the errors of the two equa-
tions � is significant and negative in the la-
bor, capital and total factor productivity equa-
tion (and almost significant at the 10% level
in the feed equation). This result indicates that
we would have underestimated the impact of
contracting on labor, capital, and total factor
productivity had we not taken into account
the selectivity bias (the bias resulting from the
fact that contractees are not randomly selected
from the population of hog producers, but are
self-selected). Table 5 lists the estimated co-
efficients, standard errors, P-values, and the
estimated impact of contracting on factor pro-
ductivity for four model specifications. The
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results of the model described above are shown
in the table under “model 1.” For an average
hog farm, contracting raises feed, labor, capi-
tal, other inputs, and total factor productivity
by 35.5%, 44.4%, 16.2%, 52.3%, and 22.8%,
respectively.

It is possible that the linear functional form
used is not sufficiently flexible to control for
scale or regional effects. A linear approxima-
tion may result in biased parameters if omit-
ted higher-order terms that should have been
included in the regression were omitted. We
can generalize the linear specification (model
1) by including: (a) scale and scale-squared
as regressors rather than scale dummies, (b)
quadratic terms for all continuous variables,
and (c) interaction terms between scale and
all other variables in the linear model. The re-
sults of this generalized model are presented
under “model 2” in table 5.

A third model specification can be used to
address the fact that the smallest scale category
is comprised primarily of independent produc-
ers, while the largest category primarily of con-
tract operations. Model 3 is a reestimation of
model 1 using only the subset of producers in
the three middle-sized scale categories. The re-
sults of all three models produce similar esti-
mates of the impact of contracting on factor
productivity.10

Technology

The second approach to measuring the im-
pact of contracting on productivity involves
estimating a production function, taking into
account the selection process. Table 6 reports
the result of the maximum likelihood estima-
tion where for convenience input levels have
been normalized by dividing by their mean
value. The top of the first column presents
the estimates of the bivariate selection equa-
tion, which again are similar to those obtained
in the probit equation (table 3). The remain-
ing coefficients correspond to the production
function.

A likelihood ratio test is used to test the
joint null hypothesis of no technical differ-
ence between contractees and independent

10 Measures of collinearity of the regressors X and Z, tests of the
assumption of normality of the errors, and results of alternative
model specifications that relax the assumption of exogeneity of
scale in the productivity selection equations were also consistent
with the empirical approach and results. Please contact the authors
for additional documentation.

producers:

H0 : �0 = �k = �kl = �m = 0 for all k, l, m.

The likelihood ratio test statistic has a value
of 91.77, and the P-value associated with the
chi-square distribution with fifteen restrictions
is less than 0.001. Hence, we reject that null
hypothesis that contractees and independent
producers use the same technology.

A discrete index of technical change can
be constructed using the estimated production
function


 = q̂(�̂, �̂, 	̂, x̄, z̄, C = 1)

q̂(�̂, 	̂, x̄, z̄, C = 0)

where q̂ is the estimated production function
evaluated at the input levels and with the ex-
ogenous characteristics of an average opera-
tion. The index is simply the ratio of what can
be produced by contracting relative to what
can be produced by independent production
with the same input bundle. Our estimate of
the index indicates that contracting raises pro-
ductivity for an average producer by 20.2%.

Conclusions

Accounting for exogenous grower, operation,
and regional characteristics, and for sample se-
lection bias we find that contract operations
are substantially more productive than inde-
pendent operations. In addition, contracting
appears to represent a technological improve-
ment over independent production resulting in
about 20% more output for an average farm,
holding inputs constant. The magnitudes of the
productivity gains, which can be attributed to
contracting are striking, and are consistently
large under various model specifications.

The increases in productivity that result
from contracting may be due to a transfer
of “know how” from integrators to growers,
which may be particularly important given the
relative lack of hog experience of the con-
tractees. This information transfer may involve
knowledge about feed mixtures or feed tim-
ing that results in higher feed productivity and
lower labor costs. In addition, it is possible
that the goods and services provided by the
contractor—such as veterinary care, feed, and
especially the genetic quality of the animals—
may be superior to that available to an inde-
pendent producer, resulting in healthier ani-
mals and greater weight gain. Consequently,
part of the estimated gains in productivity may
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Table 6. Selection Model Maximum Likelihood Estimates: Production Function

Coefficient P-value Coefficient P-value

Selection Equation
Constant 1.195 0.211 Scale class 4 1.691 0.000
Age 0.000 0.992 Scale class 5 2.565 0.000
Education −0.165 0.008 Southern state −0.765 0.095
Major occup. off-farm 0.603 0.033 Western state −0.383 0.373
Years in hog business −0.025 0.020 Northern state 0.288 0.169
Total farm assets −0.005 0.729 Eastern state 0.722 0.291
Scale class 2 0.974 0.005 Co. farm net return −0.015 0.052
Scale class 3 1.428 0.000 Co. swine sales per farm 0.007 0.153
Production Function
Constant −0.864 0.000 C ∗ lnx4lnx4 −0.062 0.463
lnx1 0.619 0.000 C ∗ lnx1lnx2 0.291 0.165
lnx2 0.173 0.044 C ∗ lnx1lnx3 −0.184 0.562
lnx3 0.366 0.000 C ∗ lnx1lnx4 0.334 0.045
lnx4 0.066 0.374 C ∗ lnx2lnx3 −0.513 0.036
lnx1lnx1 −0.004 0.911 C ∗ lnx2lnx4 −0.014 0.932
lnx2lnx2 −0.120 0.028 C ∗ lnx3lnx4 −0.235 0.201
lnx3lnx3 0.010 0.829 Age 0.002 0.432
lnx4lnx4 −0.017 0.686 Education −0.012 0.338
lnx1lnx2 −0.020 0.786 Major occupation off-farm 0.008 0.889
lnx1lnx3 −0.003 0.961 Years in hog business 0.001 0.766
lnx1lnx4 0.040 0.531 Total farm assets 0.002 0.291
lnx2lnx3 0.116 0.125 Southern state 0.223 0.005
lnx2lnx4 0.062 0.432 Western state 0.170 0.007
lnx3lnx4 −0.036 0.662 Northern state −0.055 0.271
C (Contract) 0.509 0.000 Eastern state 0.013 0.914
C ∗ lnx1 −0.095 0.509
C ∗ lnx2 −0.078 0.578 Sigma 0.356 0.000
C ∗ lnx3 −0.092 0.541 Rho −0.211 0.321
C ∗ lnx4 0.089 0.399
C ∗ lnx1lnx1 −0.158 0.265 Log likelihood −376.44
C ∗ lnx2lnx2 0.108 0.374 R2 0.956
C ∗ lnx3lnx3 0.327 0.144

Note: Table presents maximum likelihood parameter estimates for sample selection model. Dependent variable in the selection equation is Contract (1,0);
Dependent variable in the Production Function equation is log of production (×10−4). The P-value is the value for a two-tailed test of the hypothesis that the
coefficient equals zero. In the regression all inputs (x1 = feed, x2 = labor, x3 = capital, x4 = other) have been normalized relative to the sample mean. Number
of observations = 477. The R2 statistic corresponds to the “Production Function” equation.

be the result of our inability to account for
quality differences in the inputs.11

Some of the productivity gains from con-
tracting might be explained by differences in
access to capital—if contract growers are able
to obtain more financing because they face less
risk then they could more easily adopt newer
and more productive capital equipment than
independent growers. However, as shown in
table 1, contract growers do not have signif-
icantly more total farm assets (even though
they have much larger hog operations), and
a further analysis (not reported here) reveals

11 To some extent, the differences in the quality of inputs were
controlled for in the TFP equation, where price was used to weight
the inputs. This may explain why contracting was estimated to have
a smaller impact on TFP than most of the other partial factor pro-
ductivity measures.

no significant difference between contractees
and independent producers in terms of their
debt-to-asset ratio. Hence, the evidence fails
to suggest that contracting improved grow-
ers’ access to external funds. On the other
hand, total farm assets, as defined, do not in-
clude hogs, feed, and other assets provided
by the contractor. This probably explains why
much larger (in terms of production) contract-
ing farms do not have significantly more as-
sets than smaller independent farms: for the
same investment, contract growers can pro-
duce more because they do not have to pur-
chase animals, feed, and the equipment pro-
vided by contractors. It follows that with the
same financial resources as independent grow-
ers, contract growers could obtain technology
that is more productive and/or achieve a larger
more efficient scale of production.
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The magnitude of the estimated productiv-
ity gains attributable to contracting suggests
that this was likely an important factor in the
recent growth in contracting in the hog indus-
try. In addition, contracting may have played
a role in the recent increase in the average
scale of production. Because contract opera-
tions are larger operations, on average, it will
be larger operations that enjoy the produc-
tivity gains from contracting. Consequently, in
practice, contracting may serve to enhance the
competitive position of larger producers vis-a-
vis smaller producers.

The higher level of farm productivity as-
sociated with contracting implies that poli-
cies to regulate contracting have economic
costs. However, it is possible that negative pro-
ducer welfare effects (loss of autonomy) or up-
stream and downstream costs to contracting
(increased transactions costs) could reduce or
even reverse the potential on-farm efficiency
gains from contracting. Hence, it is not possi-
ble to conclude from this study what the overall
impact of policies to restrict contracting would
be on producers or society. In addition, while
the results suggest that contracting raises on-
farm productivity, it is important to stress that
this analysis did not consider nonmarket costs
of production such as odor or water pollution.
Future work might examine whether and how
contracting is associated with particular ma-
nure management practices or other environ-
mental impacts.

[Received September 2001; final revision
received March 2002.]

References

Boehlje, M. and J. Ray. “Contract vs. Independent
Pork Production: Does Financing Matter?”
Agricultural Finance Review 59(1999):31–42.

Boehlje, M., L. Schrader, C. Hurt, K. Foster and
J. Pritchett. “The Producer Protection Act—
Will It Protect Producers?” Purdue Agri-
cultural Economics Report, February 2001,
pp. 1–4.

Gillespie, J.M. and V.R. Eidman. “The Effect of
Risk and Autonomy on Independent Hog

Producers’ Contracting Decisions.” Journal of
Agricultural and Applied Economics 30(1998):
175–88.

Greene, W. Econometric Analysis, 2nd edn. New
Jersey: Prentice Hall, 1993 pp. 713–14.

Hennessy, D. “Information Asymmetry as a Rea-
son for Food Industry Vertical Integration.”
American Journal of Agricultural Economics
78(1996):1034–43.

Johnson, C.S. and K.A. Foster. “Risk Preferences
and Contracting in the US Hog Industry.” Jour-
nal of Agricultural and Applied Economics
26(1994):393–405.

Kliebenstein J. and J. Lawrence. “Contracting and
Vertical Coordination in the United States
Pork Industry.” American Journal of Agricul-
tural Economics 77(1995):1213–18.

Knoeber, C.R. “A Real Game of Chicken: Con-
tracts, Tournament, and the Production of
Broilers.” Journal of Law, Economics and Or-
ganization 5(1989):271–92.

Martin, L. “Production Contracts, Risk Shifting, and
Relative Performance Payments in the Pork
Industry.” Journal of Agricultural and Applied
Economics 29(1997):267–78.

Martinez, S., Smith, K. and K. Zering. “Analysis
of Changing Methods of Vertical Coordina-
tion in the Pork Industry.” Journal of Agri-
cultural and Applied Economics 30(1998):301–
11.

McBride, W. US Hog Production Costs and
Returns, 1992: An Economic Basebook.
Washington DC: U.S. Department of Agricul-
ture, ERS, Agricultural Economic Report No.
724, 1995, p. 53

McBride, W. and N. Key. Economic and Struc-
tural Relationships in U.S. Hog Production.
Washington DC: U.S. Department of Agri-
culture, ERS, Agricultural Economic Report,
December 2002.

Rhodes, V.J. “The Industrialization of Hog Pro-
duction.” Review of Agricultural Economics
17(1995):107–18.

Shelanski, H.A. and P.G. Klein. “Empirical Re-
search in Transaction Cost Economics: A
Review and Assessment.” Journal of Law,
Economics and Organization 11(1995):335–61.

Sheldon, I. “Contracting, Imperfect Information,
and the Food System.” Review of Agricultural
Economics 18(1996):7–19.


